eluting or biodegradable stents, are considered investigational at present.
Generally, endovascular therapy of PAD is associated with a low rate of serious adverse outcomes in most patients. However, contrast-induced acute renal failure, contrast-related allergic reactions, atheromatous (renal and lower extremity) embolization, and access-related complications such as pseudoaneurysm, arteriovenous fistula, bleeding, and hematoma can all be seen. 2 
What determines indications and outcomes?
In light of differences in structural and anatomic characteristics, the lower extremity arterial system can be divided into three distinct anatomic territories:
• Aortoiliac • Femoropopliteal • Infrapopliteal (also referred to as crural, belowthe-knee, infrageniculate, or tibioperoneal). The indications and outcomes of endovascular procedures differ depending on the segment involved as well as other systemic factors (see discussion of these factors in following paragraph). In general, optimal PTA results are achieved when the procedure is offered for short-segment stenosis of largebore vessels, whereas surgical methods are best applied to multilevel occlusions involving smaller and more distant vessels. Proposed patient-specific predictors of long-term patency following percutaneous therapy include the following: [7] [8] [9] • Lesion severity at baseline (fewer, concentric, noncalcific, and stenotic lesions, as opposed to heavily calcific and occluded arterial segments) • Anatomy of the affected limb (greater baseline inflow and presence of two-or three-vessel runoff) • The limb's physiologic adaptation to ischemia, as manifested by clinical presentation (claudication as the presenting symptom rather than critical or acute limb ischemia) • Angiographic response of the limb to intervention (absence of residual stenosis following angioplasty) • Physiologic response of the lesion to intervention (normalization of the ankle-brachial index to > 0.90 at 24 hours after the procedure). Systemic factors, such as ongoing smoking, the presence of diabetes mellitus, 9 and optimal control of other atherosclerotic risk factors such as hyperlipidemia, hypertension, obesity, and a sedentary lifestyle play a fundamental role in the long-term fate of the arterial segment that is the target of the intervention (Table 3) .
Endovascular therapy of iliac artery disease
The iliac arteries are most amenable to endovascular therapy and, if disease is present, require intervention first. Successful iliac artery angioplasty improves the inflow and augments collateral blood flow, thus leading to more durable results even when other segments are affected in the same leg. Available PTA techniques have shown an impressive 88% success rate for recanalization of occluded common or external iliac arteries, 10,11 with a 5-year cumulative patency rate as high as 66%. 12 A meta-analysis of six PTA studies and eight stent studies showed a higher initial success rate and an overall 39% reduction in long-term failures (after 4 years) with iliac stents compared with PTA alone, regardless of the indication for the procedure (claudication vs critical limb ischemia) or the type of underlying lesion (stenotic vs occlusive). 13 Despite the clinical benefits of iliac stent placement as demonstrated by this meta-analysis, 13 many endovascular specialists favor selective stent use for distinctly complex lesions, for those with flow-limiting dissections, or when PTA results are unsatisfactory. Recently published guidelines from the American College of Cardiology and the American Heart Association (ACC/AHA) for the management of PAD give a class IB recommendation for PTA as primary therapy for common and/or external iliac artery stenoses and occlusions and a class I recommendation for stenting as primary therapy for such lesions (evidence level B for common lesions and level C for external lesions) ( Table 2) . Before a patient with IC is offered the option of any invasive revascularization therapy, either endovascular or surgical, the following considerations must be taken into account:
• Whether patient has a predicted or observed lack of adequate response to exercise therapy and IC pharmacotherapies • Whether patient has severe disability, ie, is unable to perform normal work or has very serious impairment of other activities important to him/her • Whether patient has another disease that would limit exercise even if IC were improved (eg, angina or chronic respiratory disease) • Whether patient's anticipated natural history and prognosis justify the intervention • Whether morphology of the lesion is such that the appropriate intervention would have low risk and a high probability of initial and long-term success
Adapted from reference 1.
Furthermore, iliac artery endovascular therapy serves as an excellent adjunctive procedure for preserving inflow to surgical bypass grafts in patients with coexistent infrainguinal disease. In a study of 70 consecutive patients undergoing femorofemoral bypass grafting, iliac PTA (with and without stenting) provided adequate inflow to the graft for more than 14 years after the procedure, providing an alternative to aortofemoral bypass surgery. 14 Relative contraindications to endovascular therapy of occlusive iliac disease include long occlusions (> 5 cm), iliac artery aneurysmal disease, atheroembolic disease, and long-segment, severe diffuse bilateral aortoiliac disease. 
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Endovascular therapy of femoropopliteal disease
Atherosclerotic involvement of the femoropopliteal segment is the most common cause of IC. 16 Whereas stenotic lesions are more common in the iliac arteries, occlusions (typically long segments) are far more prevalent in the femoropopliteal system (Figure 1) . In addition to being smaller than the iliac arteries, the femoropopliteal arteries have higher resistance, are more susceptible to spasm, and have lower overall blood flow rates. These factors, combined with the numerous external forces exerted on this segment (extension/contraction, torsion, compression, and flexion) and the impact of inflow and outflow status on procedural outcome, explain the higher rate of restenosis (more than 50% to 80% in some reports) following femoropopliteal PTA. 16 Although primary stent placement in this territory does not seem to significantly improve late patency rates (likely due to a high incidence of in-stent restenosis), such a strategy actually appears costly, increasing initial treatment costs by as much as $3,000 relative to primary PTA. 17 Given these findings, the recent ACC/AHA guidelines on PAD management recommend against primary stent placement in the femoral, popliteal, or tibial arteries (Table 2) . 2 Provisional stent use (in which stent placement is limited to cases of suboptimal PTA results or cases of vessel recoil) remains an acceptable alternative.
Endovascular therapy of infrapopliteal disease
Although described in the early work of Dotter and Judkins, 3 use of infrapopliteal (tibioperoneal trunk, anterior tibial, posterior tibial, and peroneal arteries) endovascular therapy has been far more limited. Infrapopliteal PTA (with and without stenting) is primarily offered to patients who present with critical limb ischemia or debilitating short-distance IC (walking distance < 200 m) who are not candidates for surgical revascularization. Infrapopliteal PTA is also used to complement proximal revascularization procedures, such as femoropopliteal PTA or bypass surgery, particularly when poor outflow threatens the long-term patency of the proximal segment. Although balloonexpandable coronary stents are the only available option for use in the infrapopliteal vasculature, dedicated and vessel-specific drug-eluting and biodegradable stents are being tested for use in this territory.
While the decision to intervene is typically based on the specifics of the individual patient, the following principles are noteworthy to help guide the practice of infrapopliteal PTA:
• Proximal lesions (aortoiliac or femoropopliteal) should always be fixed first when possible
• Surgical bypass grafting is an excellent initial treatment for critical limb ischemia when severe multilevel (including crural) disease is present, and must be pursued whenever possible
• Despite the high incidence of restenosis, temporarily restoring flow to one infrapopliteal artery allows delivery of sufficient nutrients to heal ischemic ulcers and, occasionally, ease rest pain symptoms
• IC alone is rarely a qualifying indication for infrapopliteal PTA except in special situations.
■ CATHETER-BASED THROMBOLYSIS
Thrombolytic therapy may lead to total or partial resolution of arterial thrombus in patients presenting with acute limb ischemia. Such rapid restoration of flow to the ischemic limb enhances long-term patency and frequently uncovers underlying stenotic lesions that may be amenable to simultaneous revascularization using endovascular techniques.
Three randomized, controlled, multicenter trials that compared thrombolysis to open surgical revascularization supported a role for catheter-based thrombolysis and underscored the importance of careful patient selection as a critical step in avoiding hemorrhagic complications. [18] [19] [20] The incidence of such complications in one review ranged from 1% for hemorrhagic stroke to 5% for major hemorrhage and 15% for minor hemorrhage. The ACC/AHA guidelines on PAD recommend catheter-based thrombolysis as an effective and beneficial initial treatment for acute limb ischemia 2 (Rutherford categories I and IIa, ie, patients in whom the limb is not immediately threatened or is salvageable if promptly treated; see previous article by Lyden and Joseph), and it is commonly used for treatment of bypass graft thrombosis.
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■ SURGICAL REVASCULARIZATION PROCEDURES Surgical revascularization of occlusive PAD has been the conventional strategy for lower extremity revascularization since placement of the first synthetic vascular bypass graft in 1952. 22 The two surgical techniques commonly offered are bypass grafting and endarterectomy. While bypass grafting is favored in cases of distal, multilevel, or diffuse occlusive disease, endarterectomy is an excellent option for lesions localized to the aortoiliac, common femoral, or profunda arteries. Dual procedures, using both endarterectomy (of diseased proximal segments) and bypass grafting (of occluded distal vessel), are occasionally offered to severely affected patients.
Autogenous vein grafts (using the patient's own veins) are preferred for infrainguinal bypass grafting, whereas synthetic grafts have shown excellent patency rates when used for aortofemoral bypass grafting. 23 The saphenous vein grafts are the most commonly used autologous grafts, but the cephalic and basilic veins can also be used if needed. Reversed vein grafts are created by disconnecting, reversing (so that forward blood flow is not obstructed by the vein valves), and reconnecting the autologous vein to bypass the dis- . A Pioneer™ catheter (Medtronic, Minneapolis, MN) was placed in the subintimal space over the wire (C) and, with intravascular ultrasonographic guidance, the true lumen of the distal SFA was entered with a needle and a second wire was passed through that. Balloon angioplasty was performed with a 5 mm x 40 mm balloon (D), and overlapping 7 mm x 120 mm and 7 mm x 40 mm nitinol self-expanding stents were placed (E), producing an excellent angiographic result. Historically, this sort of lesion was treated conservatively or, if the symptoms were disabling, with open surgery. With current endovascular technology, percutaneous revascularization is often possible.
A B C D E
eased arterial segment. In situ vein grafts are formed by leaving the native vein in place, disrupting the vein valves using a surgical instrument (to prevent blood flow impediment), and ligating the perforator veins to avert the formation of arteriovenous fistulas. An apparent mismatch in the size of the reversed vein graft and the native artery (usually at the distal anastomotic site) is not uncommon with in situ vein grafts. It can lead to increased Doppler velocities, which may be interpreted as graft anastomotic stenosis. This is an important distinction that all physicians caring for these patients need to be aware of to avoid misinterpretation of future graft duplex testing. When distal bypass grafting is the procedure of choice, the surgeon should make every attempt to use a native vein, given the superior long-term patency of native veins (70% to 80% at 5 years) compared with prosthetic grafts of the infrapopliteal vessels. [24] [25] [26] [27] ■ PERIOPERATIVE AND LONG-TERM CARE OF THE VASCULAR SURGERY PATIENT Patients undergoing noncardiac vascular surgery are at high risk for serious perioperative complications such as cardiac death, nonfatal myocardial infarction, stroke, wound or graft infection, atheroembolization, and peripheral nerve injury.
Although preoperative cardiovascular risk stratification should be emphasized, recent data suggest that preoperative coronary revascularization in this population is not always justified. The Coronary Artery Revascularization Prophylaxis (CARP) trial explored this issue in 510 patients with known, stable coronary artery disease who were scheduled for elective peripheral vascular surgery (33% for abdominal aortic aneurysm repair and 67% for infrainguinal bypass). 28 The patients were randomized to coronary artery revascularization (coronary artery bypass grafting in 41% and percutaeous coronary intervention in 59%) or no revascularization before the planned surgery. Outcomes were similar between the groups in terms of postoperative mortality and acute myocardial infarction at 30 days, left ventricular ejection fraction at 3 months, and survival after a median follow-up of 2.7 years. Furthermore, undergoing coronary revascularization delayed vascular surgery significantly, with a median interval of 54 days between randomization and vascular surgery in the coronary revascularization group compared with 18 days in the control group.
The authors concluded that coronary revascularization before elective vascular surgery is not indicated for patients with stable cardiac symptoms. 28 Elective preoperative cardiac catheterization before elective vascular surgery, however, should be pursued when a preoperative evaluation suggests unstable cardiac symptoms or advanced cardiac disease (such as severe left main or three-vessel coronary artery disease [CAD] , multivessel CAD with severe left ventricular dysfunction, or severe aortic stenosis).
Benefits from perioperative beta-blockers, statins
Perioperative use of beta-blockers significantly reduces the risk of cardiovascular events and mortality associated with noncardiac vascular surgery and improves the patency of autogenous infrainguinal bypass grafts. 29, 30 Benefits from perioperative statin therapy in patients undergoing vascular surgery have also been reported recently, including significant reductions in perioperative mortality and in adverse cardiovascular events. 31, 32 Statins also appear to improve the patency rates of autogenous infrainguinal bypass grafts. 33 Our practice is to start all patients on adequate beta-blockade (to a target heart rate of less than 60 beats per minute) and add a statin (for those not already receiving one) before the vascular surgical procedure, and to continue these agents postoperatively if tolerated. The preoperative clearance visit is a convenient opportunity to initiate such medications.
Close follow-up needed to ensure lasting benefit Following invasive therapy, the vascular patient should receive ongoing care and close follow-up. Surveillance vascular studies (such as serial arterial/graft duplex scans and resting/exercise anklebrachial index measurement) are necessary to evaluate the continued patency of the segment or segments that were intervened upon. These studies, together with the symptoms reported by the patient at rest and with exertion, are important tools to help the vascular specialist decide on the need, proper timing, and best strategy for future interventions.
Additionally, implementing strict global cardiovascular risk-reduction strategies-including stringent risk-factor modification, exercise, and a healthy diet-is key to ensuring a successful and lasting outcome from the interventional procedure. Lifelong antiplatelet therapy (aspirin 325 mg/day or clopidogrel 75 mg/day, or both for select individuals [see table on page S31 of this supplement]), a supervised exercise/walking program, blood pressure control to less than 140/90 mm Hg, and control of low-density lipoprotein cholesterol to less than 100 mg/dL (with statins and other lipid-lowering agents), together with adequate diabetes control and complete smoking cessation, are all critical lifesaving and limb-saving measures following peripheral revascularization.
